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Description 

1 • Title of Invention: 

A Method for Removing Nitrogen Oxides in Gasoline Engine Exhaust Gas 

2. Claims 



(1) A method for removing nitrogen oxides in gasoline engine exhaust gas 
characterized by 1) oxidation a bsorptio n of nitrogen oxides in the exhaust gas accomplished 
by contacting acataljpt in the presence of oxygen for removing nitrogen oxide, and 2) 
regeneration of the oxidation absorption capability of the catalyst achieved by stopping the 
exhaust gas supply to the catalyst and processing the catalyst by contacting a gaseous 
reducerjvnentt 



rieducepvhen the efficiency of nitrogen oxide a bsorptio n by the catalyst decreases. 



(2) The method described in Claim ( 1) characterized by (using) a catalyst made of a 
metal oxide or a composite oxide containing at least o ne element selected from a gro up 
consisting of manganese, iron, cobalt, nickel, copper, silver, zinc, chromium, 
molybdenum, tungsten, vanadium, niobium, tantalum, cerium, lanthanum, titanium, 
zirconium, aluminum, silicon, tin, lead, phosphorus, alkali earth meta ls consisting of 
magnesium, calcium, barium, and strontium, alkali metals consisting of lithium, sodium, 
potassium, rubidium, and cesium, and noble metals consisting of ruthenium, rhodium, 
paiiadium, platinum, osmium, and iridium. 



3 . Explanation of The Invention 
[Industnal Application Areas] 

This invention concerns a method f or removing nitrogen oxides (NO x hereafter; 
contained in exhaust gas from internal combustion engines, such as gasoline engines, 
operated in a lean-burn state. 
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A gasoline-engine vehicle engine system operated in a lean-burn state consumes a 
small amount of fuel, and the fuel economy of the engine is good However, removal of 
nitrogen oxides has been considered difficult because of the excess amount of oxygen 
existing in the exhaust gas. 

This invention was devised to solve this problem, and is related to a method for 
removing NO^ in oxygen-containing exhaust gas from gasoline engines, etc. 

[Conventional Technology] 

(d^rption! a^sorptiwi. and catal ytic redu ction methods are the known methods for 
rcmoving'NOx from exhaust gas. Among these methods, the catalytic reduction method is 
currently the most popular denization technology because the volume of exhaust gas 
processing is large, waste water treatment is not necessary, and it is technically and 
economically most advantageous. 

The catalytic leduction method is classified into a non ; selec^egglytic reduction 
meihod usmg,hydrocarbons (such as methane, LPG, gasoline. light oih and kerosene), 
hydrogen, or carbon monoxide as the red ucer, and a selective catalytic reduction method 
using ammonia as the reducer. 

In the former case, NO x must be reduced by adding a sufficient amount of reducers 
to ihe oxygen-containing exhaust gas to react with the oxygen. In the latter case, NO x is 
selectively removed even from exhaust gas containing high-concentration oxygen. 

The former non-selective catalytic reduction method is pnmarily used for removing 
NO K in automobile exhaust gases m a reducing atmosphere containing almost no oxygen. 
The iaiter selective catalytic reduction method is used for removing NO x from exhaust 
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gases discharged from fixed combustion equipment in thermal power plants and various J 
types of factories, 

[Problems Tliis Invention Intends to Solve] 

However, the catalytic reduction methods, which are Ae most popular denitration 
technology at present, still have some problems. 

The non-selective catalytic reduction method is economically disadvantageous 
because a large amount of reducer is needed when the oxygen concentration in the exhaust 
gas is high. With regard to the selective catalytic reduction method using ammonia, 
supplying ammonia to moving NO x sources, such as automobiles, is difficult- There are 
also the problems of decreasing catalyst activity and secondary pollution caused by 
discharging unreacted ammonia for f xed sources of NO x . Many problems still need to be 

solved with the catalytic reduction methods, which are the most popular denitration 
technology at present 

The absorption method and the adsorption method are major denitration 
technologies other than the catalytic reduction method. 

The absorption method is classified into both an oxidation absorption method, in 
which NO x is oxidized and absorbed, and a reduction absorption method, in which NO x is 
absorbed and reduced. The oxidation absorption method includes an absorbing method 
using an alkaline aqueous solution made of an oxidizing agent, such as sodium 
hypochionie, hydrogen peroxide, sodium bichromate, and potassium permanganate, an 
absorbing method using an alkaline aqueous solution after oxidation with ozone or by 
contact oxidation, and a collection method in an ammonium nitrate foim created by reaction 
with ammomaafter oxidation by electron beam irradiation. The reduction absorption 
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method includes a method to reduce NO x to nitrogen by contacting an aqueous solution 
containing a reducer, such as sodium sulfite, sodium thiosulfate, and sodium sulfide, and a 
method to absorb NO^ with an iron complex salt, reduce with coexisting sulfur dioxide, 
and then absorb with an alkaline aqueous solution. The efficiency of these absorption 
methods is low when the gas volume is large because the NOx concentration is dilute. 
Therefore, the unit is large. It is not economical because the oxidizers and reducers are 
expensive. Waste water processing of the aqueous solution used for absorption or 
handling of the ammonium nitrate byproduct must be considered. The large size of the unit 
is a problem when the amount of exhaust gas is small or for moving sources. 

The adsorption method uses synthetic zeolite, activated carbon, or an ion-exchange 
resin as an adsorber to remove NO x by adsorption. However, absorption efficiency, 
which is strongly influenced by coexisting gases such as sulfur compounds or water vapor, 
due to the adsorption capacity limitation, decreases in a short operation time. The adsorber 
must be exchanged, or adsorbed substances must be released by heating, etc., and the 
released gas must be processed. Generally, the processing capacity is low and the unit size 
is large. This method has not been adopted for practical use because of these problems. 

Each of these methods has vanous problems. 

As described above, there has not been any appropriate method for removing NO x 
in oxygen-containing exhaust gas f rom gasoline engines, etc. , operated in a lean-burn state. 
This invention provides a practical, new denitration method in view of the problems 
described above. 
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[Means to Solve The Problems] 

This invention provides a method for removing NC^ from NO* containing gas 
characterized by oxidation absorption of NOx m exhaust gas by contacting a caialyst in the 
presence of oxygen for removing NO x and regeneration of the oxidation absorption 
capability of the catalyst achieved by stopping the exhan st ga s supply to the catalyst and 
processing the caialyst by contacting a gaseous reducer^w hen the efficiency of NOx 
absorption by the catalyst has decreased. When NO^ in exhaust gas is adsorbed by using 
conventional gas adsorbers, the adsorption mechanism is simple physical adsorption* and 
there is a limit to the NO x concentration in the residual gas due to the adsorption 
equilibrium. The adsorption capacity is strongly influenced by environmental conditions, 
such as temperature, humidity, and coexisting gases. One disadvantage is that a large unit 
is needed because the NO x absorption capacity easily decreases* 

The primary characteristic of this invention is that NO x in exhaust gas is oxidized 
and absorbed by a catalyst in the presence of oxygen. Because of the oxidation absorption 
of NO x by a catalyst, the adsorption capaci ry of NO x is relatively immune to environmental 
conditions and very dilute NO x can be removed by absorption. Therefore, exhaust gas can 
be treated by a smaller unit in comparison with the methods using conventional gas 
adsorbers. Hence, this method is economical 

The absorption mechanism of NO x i s apparently not a simple physical adsorption 
and is a certain kind of chemical adsorption with strong adsorption potential given by the 
cataiysL 

The second characteristic of this invention is regeneration of a catalyst with 
decreased removal efficiency using a gaseous reducer, such as hydrogen. 
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The method of reducing NO* using a reducer, such as hydrogen, is well known as 
anon-selective catalyst reduction method According to this method, NO* is reduced by 
adding a sufficient amount of reducer to react with oxygen when a large amount of oxygen 
exists in the exhaust gas. The consumption of a large amount of reducer is not economical. 
Therefore, the non-selective catalytic reduction method has been adopted only when mere is 
no coexisting oxygen or after the oxygen concentrarionis decreased to the extent possible. 

According to the method of this invention, consumption of the reducer is limited to 
the amount needed for redu cing and removing NOxj bsorbed by the catalyst. This amount 
is very small, therefore, this method is very economical. This method may be considered a 
selective catalytic reduction method because consumption of the reducer is the same as in 
the selective reduction methods. 

This invention is explained in detail below. One practical application example is 
shown in Fig. 1. 

Exhaust gas discharged from the manifold is introduced to the oxidation catalyst, 
where carbon monoxide is convened to carbon dioxide and various hydrocarbons are 
convened to carbon dioxide and water. Catalyst A and catalyst B are arranged in parallel to 
oxidize and absorb nitrogen oxides. Exhaust gas is delivered to either catalyst A or catalyst 
B by a switch valve. 

The exhaust gas is guided to one catalyst layer for a set period of time, then guided 
to the other catalyst by the switch vaive. The catalyst layer not receiving exhaust gas ts 
regenerated by hydrogen introduced from a hydrogen generator. 
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The catalyst used in this invention is made erf a metal oxide or a composite oxide 
containing at least one element selected from a group consisting of ma n ga n ese, iron, cobalt 
nickel, copper, silver, zinc, chromium, molybdenum, tungsten, vanadium, niobium, 
tantalum, cerium, lanthanum, titanium, zirconium* aluminum, silicon, tin, lead, 
phosphorus, alkali earth metals such as magnesium, calcium, barium, and strontium, alkali 
metals such as lithium, sodium, potassium, rubidium, and cesium, and noble metais such 
as ruthenium, rhodium, palladium; platinum, osmium, and iridium. 

The catalyst shape may be pellet, pipe, plate, grid, ribbon, corrugated plate, or 
doughnut shape, or any other shape. Catalysis can be made by coating a catalytic 
component on a grid-like cordierite, mullite, or alumina carrier, or a net- or plate-shape 
metal substrate. 

There is no specific limitation to the physical properties of the catalyst; one with a 
large BET specific surface area is recommended. 

The exhaust gas concentrations treated by the method of this invention are 0.01 to 
6,000 ppm nitrogen oxides (NO equivalent), 0 to 2,500 ppm sulfur oxides (SOo 
equivalent). 0.1 to 21 vol.% oxygen, i to 15 vol.% carbon dioxide, and 1 to 15 vo\.% 
water vapor. Ordinary exhaust gases from boilers, automobiles, and home heating units 
are in this range. The gas composition, however, is not specified. The processing 
temperarure range is 150 to 800X; she 200 to 700°C ra nge is pre ferred. The space velocity 
range is 1,000 to 300,000 Hr I ; the 2,000 to 100,000 Hr l range is preferred. There is no 
particular limit to the processing capacity, bin the 0.01 to 10 kg/cm 2 range is preferred. 
The processing time is related to the NO x concentration in the exhaust gas; there is no 

particular H mi t. 
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The processing conditions for using the reducer vary d e pe nding on the type and 
nature of the exhaust gas. The types of feduoers_ tobe iised are ordinary reducers , such as 
hydrogen ammonia, carbon monoxide, and methane Hydrogen is preferable in view of 
handling and secondary pollution problems- Hydrogen can be generated easily by 
electrolysis of water (steam reform of methanol), eta 

There is no particular limit to the reducer conccptratioit It may be used by diluting 
with an inert gas, such as nitrogen. The reducing temperature is 150 to 80CTC; the 200 to 
700* C range is preferred. The space velocity is related to the reducer concentration; the 10 
to 100,000 Hr l range is preferred. There is no particular limit to the processing time; the 
preferred range is one minute to one hour. 

This invention is explained in more detail using an application example. This 
invention, however, is not limited to this example. 

Application Example 1 

A catalyst was made by coating 510 g of LaFeOj as the catalytic material on a 
cordiente honeycomb (6.68 inch x 3. 18 inch) o x 5.65inch U 400 cells/square inch) made 
by Nippon Gaishi. 

Two identical catalysts were made and installed in parallel in the exhaust line of a 
gasoline engine. The exhaust gas flowed alternately in 10-minuie intervals. 

Ho gas obtained by electrolysis of water was supplied from the reservoir to the 
catalysts not flowing gas at a rate of 3 J?/min to remove the oxidi2ed and adhered NO x by 
reduction. The SO K concentration in the discharged exhaust gas was measured using a 
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chemical lximincsccnce type analyzer. The NO* removal efficiency was calculated from the 5 
NO x concentration in the inlet gas and the NO* concentration in the outlet gas. 

The gasoline engine used in the experiment, this driving condition, and the exhaust 
gas condition were as follows. 

Engine used: Displacement 2000 cc 

4 cycle. EFI specification 



Driving condition 
Catalyst inlet temperature 
Inlet gas concentration 

Air-fuel ratio 



2500 rpm x -200 mmHg constant speed. 
400*C 

N0 x = 700ppm 
A/F = 19.0 



The 10-minute average of the NO x concentration in the exhaust gas was 100 ppm. 
Therefore, the NO purification rate was approximately 86%. 

(Effect of The Invention! 

As explained above, the nitrogen oxide removal method of this invention has the 
following characteristics. 

( 1) Nitrogen oxides could not be purified by conventional exhaust gas 
purification systems in an excess oxygen state, but nitrogen oxides can be 
processed by the method of this invention. 

Carbon monoxide and hydrocarbons can be removed by a combination w»th 
an oxidation catalyst. Thus, the exhaust gas regulations for automobiles can 
be met. 

(2) The processing unit needs not be large, thus, is economical. 
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(3) A small amount of nitrogen oxide reducer is needed. Hence, it is economical. 

(4) Secondary processing is not necessary because byproducts and waste water 
are not generated. 

4. Explanation of The Figure 

Rgure 1 is a block diagram showing an application example of this invention. 

C i and C2 in the figure are gas flow switch valves. 



Applicant 
Agent 



Nippon Shokubai Kogyo, Ltd. 
Takeo Yamaguchi 



/ 




Fig. 1 

I... Manifold; 2... Oxidation catalyst: 3... Catalyst A; 4... Electrolysis of water: 
5... Hydrogen reservoir; 6... Catalyst B: 7... Discbarge 
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